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Abstract

Cashew cultivation plays a key role in the socio-economic developement of local communities. It is both
an ecologically and socially transitional crop, yet its cultivation remains poorly understood. This study
aims to provide esential information to support the sustainable developement of cashew production. The
methodological involved phytosociological inventories conducted in two farming systems: agroecsystems
with crop association, where we established plots of 50 m x 50 m plots were established, and agroecosytems
without crop association, where we established plots of 50 m x 20 m plots were set up for adult woody species
(diameter at 130 cm > 5 cm). Tree height and diameter at 130 cm above ground were measured. This was
supplemented by visual observations.

Results: The findings show that tree density varies according to the management system, with 77.81 + 37.59
(individuals/ha) in the agroecosystems with crop association and 163 £ 61.49 (individuals/ha) in agroecosystems
without crop association. The average diameter at 130 above ground was 16.70 &+ 9.33 (cm) in agroecsystems
with crop association and 23.53 + 9.24 (cm) in agroecosytems without crop association.

Conclusion: Enhancing producers’ technical capacity and improving disease control are essential for
sustainable development of the cashew sector.

Keywords: Cashew, Agroforestry, Management, Burkina Faso.

1. Introduction used for fruit crops (MAH, 2011). This expansion

Cashew (dnacardium occidentale L.) is a crop of is explained by the attractive international price of

major socio-economic importance in Burkina Faso. C¢ashew nuts and kernels (Tarpaga ez al., 2020). Today,
This importance is evident in the extent of the land the cashew industry is one of Burkina Faso’s main
devoted to it, which represents 70.2% of total area assets for economic development.
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In addition to its economic benefits, cashew also plays
an important ecological role. When integrated into
agroforestry systems, it contributes to the restoration
of degraded land, reforestation of agricultural zones
(Yoni et al., 2023 ; Ndiaye ,2024). Numerous studies
have been conducted on this species in Burkina Faso,
focusing on various aspects such as the socio-economic
importance of its production (Somé, 2014, Dao et
al., 2022,), the agro-morphological characterization
of high-yielding varieties (Tarpaga et al.,2020), and
the ecosystem services provided by cashew-based
agroforestry parks (Yoni et al.,2023).

However, despite this growing interest, knowledge
of the environmental effects of cashew orchards
particularly their effects on biodiversity remains
limited and fragmented(Samb et al., 2024). In
addition, cropping systems are highly heterogeneous,
reflecting a diversity of agricultural practices,
including agrosystems with crop associations and
those without. These practices significantly influence
stand structure, associated floristic composition, and
tree dendrometric characteristics (Pindi et al., 2019;
Kengne et al., 2024).

Analysis parameters such as density, total height,
diameter at 130 cm above ground level, and spatial
distribution is essential for assessing the productivity,
sustainability and ecosystem services provided by
cashew orchards (Sierra-Baquero et al., 2024 ; Sanoko
et al., 2025).

This is the background to the present study, which
aims to characterize the structure and dendrometric

parameters of cashew orchards under different farming
practices.

The aim is to gain a better understanding of the impact
of these farming methods on cashew stand dynamics,
in order to inform sustainable management and
agricultural intensification strategies. Specifically, we
aim to: (1) characterize the structure and dendrometric
parameters of orchards based on the type of
farming, and(ii) study plant diversity within these
agrosystems.

2. Materials and Methods
2.1 Study Area

The present study was carried out in the villages of
Pima and Boborola, located in the rural commune
of Sidéradougou, Comoé¢ province, Cascades region
(Figurel). The commune is situated between latitudes
10°32° and 11°03° north, and longitudes 4°00’
and 4°37 west. It lies within the South Sudanian
phytogeographical sector (Fontes and Guinko, 1995).
The climate is characterized by two alternating
seasons: a rainy season from May to September, and
a dry season from October to April. Average annual
temperatures range from 17°C to 36°C. Natural
vegetation consists of savannas (trees, shrubs) and
gallery forests (Fontes and Guinko, 1995). The main
soil types are ferruginous, leached or slightly leached,
and are found on sandy, sandy-clay and silty-clay
substrates (BUNASOL, 1985).
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Figure 1. Localization of the study areas.
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2.2 Sampling and Data Collection

To assess the structure of cashew orchards and the
associated floristic diversity, a systematic inventory
of woody vegetation was carried out in two types of
agrosystems: (agrosystems without crop association
and agrosystems with crop association). The sampling
unit consisted of rectangular plots (Samb et al., 2024)
of 1000 m? (50 m*20m) for agrosystems without crop
association and the square plot (Thiombiano et al.,
2016) of 2500 m? (50 m*50 m), spaced at 25 meter
intervals (Samb et al.,2024).

In each plot, dendrometric data were collected for all
trees with a diameter greater than or equal to 5 cm.
Diameters was measured at 20 cm and 130 cm above
ground level using a flexible measuring tape. For each
tree, the following data were recorded: species name,
total height, number of stems (for multi-stemmed
trees) and crown diameters in two orientations (east-
west and north-south), specifically for cashew trees.

2.3 Data Processing and Analysis
2.3.1 Calculation of Diversity Parameters

Data were entered into Excel spreadsheets. The
diversity parameters considered were included species
richness (R), Shannon’s diversity index (H’, in bits),
and Pielou’s evenness index (J”).

- Specific richness corresponds to the number of
woody species recorded per sampling plot.

- The Shannon index (H’) is calculated using the
following formula.

H’=-Xi_, PilnPi

where S is species richness, pi = relative abundance
of the ith species in a given plot. The value of H’ =
0 if all individuals in the stand belong to one and the
same species; H’ < 2.5: if low diversity; 2.5 <H’ < 4:
medium diversity and H’ > 4: high diversity.

The maximum theoretical Shannon-Weaver diversity
index (H’max) is calculated as.

H’ max= log (S), where S is the total number of
species in the plot.

- Pielou’s evenness index (J’) (Pielou, 1966)
was used to estimate the uniformity of species
abundances distribution. It is the ratio of the
observed diversity to the maximum possible
diversity and reflects how evenly individuals are
distributed among species. The value of the J’
ranges from O to 1. It tends towards 0 when there

1s dominance, and towards 1 when the distribution
of individuals between species is regular.
»_ H
Hrmax

2.4 Determination of Structural Parameters

The structural parameters considered in this study
were mean diameter, mean height, mean density, and
basal area. The mean diameter at 130 cm (Dm 130
cm) of multicaulus individuals was calculated using
the following formula.
Dm 130 cm ———‘—‘-—EE a

where di represents the diameter of the tree and N
the total number of individuals of the species. The
quadratic diameter was calculated for multicaulus
individuals using the following formula.

D130 cm =J§E;’;1(D13n cm)?
Density (D) by the formula.

Jlu-
D=E’

The basal area (G) is the sum of the cross-sectional
areas in m? of all trees with diameters (measured at 20
cm and 1.30 m above ground level) of at least 5 cm,
and is expressed per hectare. It was calculated as.

G =7 x (% )en m?/ha

where Di is the diameter of the tree measured at 20
cm or at 1.30 m above ground.

According to Rondeux (1999), grouping stems into
height classes is highly relevant in forest management,
as it reflects the structure of a stand. Cashew tree
populations were thus divided into height classes with
2 meter intervals.

For the analysis of diameter structure, trees were
grouped into diameter classes with 5 centimeter
intervals. The resulting histograms were fitted to the
3-parameter Weibull distribution (parameters a, b and
¢). This distribution, widely used in forestery studies,
is known for its flexibility (Johnson and Kotz, 1970).
Its probability density function is defined as follows
(Rondeux, 1999).
—

£ X — x—a
F(x)=-(=)"e" ()

where x is the tree diameter; a is the position parameter

(minimum measured diameter threshold); b is the

scale or size parameter, linked to the central value of

tree diameters in the stand under consideration; ¢ is

the shape parameter linked to the diameter structure
under consideration.
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2.5 Statistical Analysis

All statistical analyses were performed using R
software (version 4.5.1). Analysis of variance
(ANOVA) was conducted to compare the means of
the various parameters measured between the different
types of agroesystems.

Differences were considered statistically significant
at p< 0.05 and highly significant at p < 0.01.

3. Results

3.1 Dendrometric Stand Parameters by Harvesting
Method

The main dendrometric characteristics of Anacardium
occidentale stands vary depending on the type of
agroesystem (Table 1).

The average height of cashew trees ranged from
4.68+1.99 m in agroecosystems with crop associations
t0 5.45+2.05 min those without. Similarly, the average
diameter at breast height (DBH) was significantly
greater in agroecosystems without crop associations
(23.534£9.24 cm) compared to those with associations
(16.7£9.24 cm). An analysis of variance (ANOVA)
indicated that these differences were statistically
significant for both height and diameter (P < 0.05).

The Average crown diameter ranged from 3.44+1.35m
in agroecosystems with crop <associations to 4.06+1.4
m in those without. In contrast, the average spacing
beteween individuals was higher in agroecosystems
with crop associations (10.99+2.63 m), reflecting a
lower stand density in these systems.

Table 1. Dendometric parameters of cashew trees stands by farming

Farming system Agroecosystem with crop association | Agroecosystem without crop association
Tree height (m) 4.68 +1,99° 545+2.05"
Diameter (cm) 16.7+9,33° 23.53+£9.24°
Average crown diameter (m) 3.44+1,35 4.06+14
Average tree spacing (m) 10.99 + 2.63 6.07+1.17

Different letters indicate significant differences at P < 0.05.
3.2 Wood Diversity Assessment

3.2.1 Diversity and Composition according to
Farming Method

The floristic inventory identified 23 species belonging
19 genera, grouped into 12 families. Species
distribution varied by farming system, with 16 species
recorded in agroecoecosystems with crop association
and 18 species in those without. These species were
distributed among 13 and 15 genera and included in 9
and 10 families respectively, following the succession
patterns of each farming method. In agroecosystems
with crop association, the most repersented families
Table 2. List of plant species associated with cashew trees (%)

were Anacardiaceae (76.16%), Sapotaceae (12.69%)
and Fabaceae (5.57%). In agroecosystems without
crop association, Anacardiaceae (80.07%), Sapotaceae
(10.95%) and Fabaceae (6.70%) were also the
dominant families.

The Shannon diversity index (H’) ranged from
0.64+0.45 in agroecosystems with crop associations
to 0.53+0.27 in those with crops. These values reflect
low diversity in both environments. The values
of Pi¢lou’s equitability index for the two farming
systems reflect dominance in species distribution.
The observed regeneration rates further indicate poor
natural regeneration in both environnements.

Species Agroecosy‘ste‘m with crop Agroecosyst-en} without crop
association (%) association (%)

Anacardium occidentale L. 75.54 80.07
Burkea africana Hook. F. 0.31 0.49
Cassia sieberiana DC. 0.16
Daniellia oliveri (Rolfe) Hutch. & Dalz. 0.93 0.33
Dichrostachys cinerea (L.) Wight & Arn. - 0.33
Diospyros mespiliformis Hochst. Ex A. Rich. 1.24 0.16
Ficus glumosa Del. 0.62 0.16
Ficus sur Forssk. 1.24 0.16
Ficus sycomorus ssp. gnaphalocarpa (Miq.) C. C. Berg - 0.33
Ficus thonningii Blume 0.62 -

Grewia flavescens Juss. 0,93 0.33
Holarrhena floribunda (G. Don) Dur. & Schinz 0.31 -

4
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Khaya senegalensis (Dest.) A. Juss. - 0.16
Lannea acida A. Rich 0.62 -

Lophira lanceolata Van Tiegh. ex Keay 0.31 -

Manilkara multinervis (Bak.) Dubard 0.93 -

Moringa oleifera Lam. 0.31 0.65
Parkia biglobosa (Jacq.) R. Br. Ex G. Don 4.33 4.74
Piliostigma thonningii (Schumach.) Milne-Redh. - 0.33
Securidaca longipedunculata Fres. - 0.16
Tamarindus indica L. - 0.33
Terminalia laxiflora Engl. - 0.16
Vitellaria paradoxa Gaertn. F. 11.76 10.95

Table 3. Variation in diversity according to farming system

Farming system Agroecosystem with crop association | Agroecosystem without crop association

Number of species 16 18

Number of genera 13 15

Number of families 9 10

Regeneration rate (%) 22.5 13.04

Shannon diversity index (H’, bits) 0.64 £0.45 0.53 £0.27

Pielou’s evenness index J’ 0.57+0.17 0.49+0.16
3.3 Plantation Characteristics associations (2.3 + 2.88 m”.ha'). The stability index
3.3.1 Density Indices and Quality Parameters was _Slighﬂy higher in agroecosystems with  crop

associations (28.02). However, the spacing factor, an

Density indices and quality parameters vary

depending on the type of agroecosystem (Table 4).
The average tree density is significantly higher in
agroecosystems without crop association (163 +61.49
individuals.ha') than in those with crop association
(77.81 £ 37.59 individuals.ha'). This difference is
also reflected in basal area, which is significantly
greater in agroecosystems without crop associations
(8.15 + 4.87 m%.ha'!) compared to those without crop

indicator of spatial competition between trees, was
also higher in agrosystems with crop associations
(2.44), reflecting greater inter-individual distances
and, potentially, reduced competition.

Finally, the slenderness coefficient factor (F), an
indicator of the vertical morphology of trees, showed
higher values in agroecosystems with crop associations
(26.95).

Table 4. Variation in tree density and structural quality parameters by farming system

Farming system

Agroecosystem with crop association

Agroecosystem without crop association

Density (individuals. ha™') 77.81 £37.59* 163 £61.49°
Basal area (m?. ha') 23+£2.88% 8.15+487°
Stability index 28.02 23.16
Spacing factor (S) 2.44 1.34
Slenderness coefficient (F) 26.95 19.12

Means followed by different letters on the same row are significantly different at the 0.05 significance level according to ANOVA.

3.4 Horizontal and Vertical Planting Distribution

The data presented in figures (2&3) show that
the diameter class distribution of Anacardium
occcidentale individuals varies according to the
farming system. In agroecosystems with crop
association, the [10-15[ and [15-20[ diameter classes
are the most represented, indicating a predominance of
young to moderately mature individuals. Conversely,
in agroecosystems without crop associations, the [20-

25[ and [25-30[ classes account for the majority of
individuals, suggesting a stand structure dominated
by more mature trees.

In terms of height distribution (figure 4&S5), a high
concentration of individuals is observed in class
[3.3-5.3[ in agroecosystems with crop associations,
whereas in agrosystems without crop associations,
the [3.3-5.3[ class is the most represented.
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Figure 3. Distribution of cashew trees by diameter class in agroecosystems without crop associations
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Figure 5. Distribution of cashew trees by diameter class in agroecosystems without crop associations

4. Discussion

4.1 Dendrometric Parameters of the Stand as

Function of the Harvesting Method

mask a certain degree of variability, with minimum
heights of 1.75 m and maximum heights of 12 m in
some areas, and diameters ranging from 5.09 to 75 cm.
Statistical analysis revealed a significant difference

The average height of cashew trees observed was 4.68  in tree height and diameter between the two types of
+ 1.99 m in agroecosystems with crop associations, farming systems. Our results are consistent with those
compared with 5.45 £ 2.05 m in agroecosystems reported by Samb et al., (2018), who obtained similar
without crop associations. However, these averages values in the Groundnut Basin in Senegal. They
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are also comparable to the findings of Yoni et al.,
(2023) in the Dindéresso classified forest in western
Burkina Faso. The average diameter of cashew trees
in plantations without crop association corroborates
the values reported by Samb et al., (2017) in the
Groundnut Basin, while the diameter recorded in
agroecosystems with crop association is similar to that
found by the same author in Casamance. According to
Lautié ef al. (2001), cashew trunk diameter can range
between 1.2 and 1.5 m. The differences observed
could be attributed to several factors, including soil
characteristics, the cultivars used, and the production
systems and techniques applied (Ndiaye ef al., 2017).
In addition, a significant difference in tree density was
also observed between the two study environments.
The density recorded in agroecosystems with crop
association is comparable to that reported by Yoni
et al., (2023) in the Dindéresso classified forest, in
western Burkina. In contrast, the density observed in
agroecosystems without crop association is similar to
that reported by Ndiaye et al., (2017) in Casamance,
Senegal. According to Goujon et al., (1973), an
optimal density of 90-120 plants.ha™!, with a spacing
of between 9 and 12 meters, is recommended for
healthy cashew tree development. Similarly, Badiane
and Sy (2005) recommend an ideal density of 100
trees.ha-1 to ensure optimal crown development and
soil cover. In our study, agroecosystems without crop
associations exceeded the recommended thresholds,
indicatin irregular stand structures in terms of both
density ond vigor,as previously reported by Samb
et al., (2017). Elevated stand densities represent
a constraint for effective plantation management.
Stand density is a critical determinant of plantation
dynamics and directly informs the implementation
of silvicultural interventions (Samb ef al., 2017).
Nonetheless, the analysis of structural quality indices
suggests that overall stand stability remains adequate.
The slenderness factor, which characterizes plantation
stability, shows low values in both environments.
However, light thinning may be necessary to maintain
or improve this stability, by limiting competition
between individuals and slowing the increase in
the slenderness factor. Depending on the extent to
which competition is reduced, thinning can slow
the progression of the slenderness factor (Perret and
Ginisty, 2009).

4.2 Diversity and Floristic Composition of Cashew
Plantations

The floristic inventory carried out in the two types
of agroecosystems identified 23 species belonging to

19 genera. This number of species is lower than that
reported by Samb et al., (2024) in the department of
Foundiougne in Senegal, but higher than that recorded
by Ndiaye et al., (2017) in the rural commune of
Djibanar,Senegal. This floristic variability from
one site to another can be attributed to differences
in ecological conditions, cultivation practices and
anthropogenic pressure. Of particular interest are
certain species such as Vitellaria paradoxa and Parkia
biglobosa, which are found in high proportions in both
agroecosystems. This dominance can be explained by
the fact that these species are traditionally protected
by producers for agricultural, pastoral and veterinary
uses (Ndiaye et al., 2014; Ndiaye et al., 2017). Other
species, on the other hand, are resticted to only one type
of agroecosystem. This may be the result of a selective
preservation during land clearing, with certain species
being spared and maintained voluntarily because of
their therapeutic, nutritional or economic value (Wala
et al., 2005). According to Soto-Pinto et al., (2000),
the intensification of practices within the agroforestry
system, or if the farmer only allows the growth of a
few species based on their economic value, results in
a reduction in biodiversity.

Indeed, the low values of the Shannon indices in
both environments indicate that all individuals
belong to almost the same species. Similarly, Pielou’s
equitability index also reflects low diversity in both
environments. This low floristic diversity could be
attributed to deliberate choices by growers, who favor
certain species of interest. This selective management
pratice underlines the importance attached to the
nutritional, medicinal, and economic values of certain
species (Samb et al., 2024). This trend also highlights
the monospecific nature of cashew plantations, which
naturally limits floristic diversity. However, the
presence of associated woody vegetation, although not
highly diverse, plays a crucial role in soil stabilization,
preventing particle displacement, promoting soil
fertility, and establishing a microclimate (Grouzis and
Akpo, 1993). In addition, certain associated species
contribute positively to cross-pollination within
agroforestry systems. During the flowering period,
they attract pollinators (bees, insects, birds, etc.) from
which cashew trees also benefit, potentially improving
their yield (Ndiaye et al., 2017).

5. Conclusion

This study, carried out in the Cascades region,
characterized the structure and dendrometric
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parameters of cashew plantations according to the
type of management. The results reveal variable
stand densities, with agroecosystems involving crop
associations exhibiting densities consistent with
silvicultural recommendations, in contrast to those
without associations, which are often overdense.

Structural analysis revealed the dominance of a shrub
layer in type two agroecosystems. Stability indices
indicate that plantations are stable overall.

In terms of flora, 23 species belonging 19 genera and
12 families were inventoried. The composition is
dominated by Anacardium occidentale, followed by
Vitellaria paradoxa and Parkia biglobosa, species
often retained for their multiple uses. However,
both environments show low species diversity,
reflecting the monospecific nature of the plantations
and the effects of management focused on economic
productivity. These results underline the need to
integrate sustainable management approaches that
reconcile production with biodiversity conservation
and maintenance of ecological functions, in order to
ensure the long-term sustainability of cashew-based
agroforestry systems.
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